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The Accuracy of Australian and European Culvert Weigh-in-Motion Systems

Oliver F. Tierney(1) Eugene J. O’Brien(2),and R.J. (Bob) Peters(3)’,

(1) Water-ford County Council, Ireland
(2) Trinity College Dublin, Ireland
(3) Main Roads, Western Australia

Abstract: The concept of using culverts to weigh trucks traveling at highway speed is described
and the history of its development in Australia and Europe outlined. A theoretical study of the
sensitivity of results to data inaccuracy is described for the European system. Results from
Australian tests on a range of different types of weigh-in-motion system are reported. Long term
variations in axle weight results are presented. Finally, the sensitivity of results to the speed of the
vehicle and the implications of vehicle and bridge dynamics are discussed.

1. INTRODUCTION

Bridge weigh-in-motion (WIM) systems were initially developed in the U.S.A. during the 1970’s
by Moses (1). During the 1980’s another system was independently developed by Main Roads,
Western Australia (2). In the early 1990’s research began at Trinity College Dublin, Ireland to
develop a bridge WlM system (3) and this is now currently in use on a number of experimental
projects. Both the American and Australian systems have been used for commercial applications
on bridges and culverts.

The accuracy of the European system is currently being improved by research being carried out as
part of the WAVE project (Weigh-in-motion of Axles and Vehicles for Europe). This project is
funded by the European Commission and will be implemented by a consortium of 15 partners
from 11 European countries in 1996 and 1997. A number of alternative pavement and bridge
WlM systems are being considered in WAVE and part of the Irish contribution is to apply the
bridge system to culverts.

Main Roads, Western Australia, having initially developed a bridge WiM system, have in recent
years moved almost exclusively to a system based on culverts such as illustrated in Figure 1. The
performance and accuracy of both culvert systems are discussed in this paper.

1.1 Basis of Culvert Systems

Both the Australian and European systems are derived from the American system developed by
Moses (1). As a result, they both have many common features. The basic principle consists of
relating the bending strains in a culvert deck caused by the passage of a vehicle overhead to the
axle weights of that vehicle. The relationship is established by recording the strains induced by a
vehicle whose axles have been weighed statically. In addition to axle weights, vehicle speed, axle
number and spacing, and the date and time of the event are recorded. The strains are measured
using a number of electrical resistance gauges placed transversely across the culvert soffit, usually
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Strain sensors located on culvert roof

Axle detection strips

Figure 1 - Typical Australian culvert installation

at midspan. Mechanical strain amplifiers are used to enhance the strain signal. The strains at each
gauge are added to obtain a characteristic response similar to a theoretical bending moment
influence line. Figure 2 shows the characteristic moment response of a four metre span culvert to
a four-axle truck. The truck axle weights, starting from the steer axle, are 90 kN, 190 kN, 140 kN
and 140 kN and the corresponding spacings are 3.4 m, 6 m and 1.8 m. Typical peaks can be seen
in the figure corresponding to individual axles of the vehicle.

1.2 Site Factors

The Australian experience over twelve years has identified a number of site specific factors which
can have an effect on the overall accuracy of a culvert based system. As the system has nearly
always used existing culverts, site quality has at times been a problem. As a consequence the
following guidelines have been established for the selection of an ‘ideal’ culvert in order to
minimise weighing errors:

l Single span reinforced concrete box culvert, precast, ‘uncracked’ and less than
2.7m in span;

- A smooth road surface - ideally the culvert would have been installed when the
road was built;

l A straight and flat road;
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-  Culvert square to the road - a little skew is tolerable;
l Pavement cover - more than 2OOmm but less than 15OOmm on top of the culvert;

and
l Minimal pavement crossfall and minimal culvert gradient.

Moment
at Gauge
(kNm)

0 2 4 6 8 10 12 14 16

Distance to Steer Axle from Left Support (m)

Figure 2 - Characteristic response of culvert to 4-axle truck

2. ACCURACY OF EUROPEAN SYSTEM

In addition to its application at a number of sites in Ireland, the European system has been tested
on a bridge in Slovenia where it was compared with a commercially available American system.
This short term comparison found both systems to give similar levels of accuracy.

The European system is triggered by pneumatic road hoses acting as axle detectors which initiate
the recording of strains before the vehicle passes over the culvert. All data is recorded and stored
on a portable computer for subsequent downloading and post-processing. The system does not
calculate axle weights for vehicles in real time.

There are differences in the recorded characteristic responses from trucks with the same axle
configurations and weights due to variations in transverse truck location, sensor inaccuracies, site
factors and vehicle dynamics. The dynamic effects on the system are largely those which occur
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within the vehicle itself The culverts, being buried and of short span, do not generally display any
significant dynamic response as in the case of a bridge, The level of the dynamic effect is related
to the smoothness of the surface on the approach to the culvert. The resulting oscillations in the
vehicle cause the axle weights to be recorded as heavy or light. In order to overcome this, it is
necessary to obtain at least one fit11 cycle of the oscillation for each axle. This presents a difficulty
because of the relatively short spans that are typical of culverts.

The characteristic response is a linear combination of influence ordinates factored by the axle
weights (1). Thus one linear equation can be written for each strain record. For a truck of n axles,
n records of strain are identified corresponding to n different points in time. In matrix form the n
equations can be written as:

64 = [I] {W} (1)

where (E) is the vector of recorded strains, [I] is the matrix of appropriate influence ordinates and
{W} is the vector of unknown axle weights. While electrical resistance strain gauges are very
accurate, significant errors in the strain records can result from many effects such as, for example,
truck ‘bounce’. To simulate gauge errors numerically, the components of this (E) vector have
been multiplied by a random number reflecting a possible range of error of +/- 2.5%. The
modified vector is termed (E)*. The new inferred axle weights {W}* are given by:

Using the culvert and truck described in Section 1.1 above, errors in inferred axle weights have
been determined for a number of different random combinations of gauge errors. The results are
illustrated in Figure 3. Only the extremes of the four strain errors and the four axle weight errors
are shown in this figure. Hence only four points are illustrated for each simulation. Clearly the
inferred axle weights are sensitive to the accuracy of the strain data. In general, inferred axle
weight errors are about double the error in the input data.

3. ACCURACY OF AUSTRALIAN SYSTEM

The Australian 'Culway’ system was originally conceived and tested by Main Roads Western
Australia in 1984 (2). It has been used widely throughout Australia since then, with over 100
systems currently in operation. Arguably its greatest features are its robustness, low cost and
acceptable accuracy. Unliie most WIM systems, the sensors are not subject to the battering of
tyres and the vagaries of the weather, with the result that Culway needs little or no site
maintenance.

Much work has been undertaken in the area of accuracy. Culway has been found to typically
estimate static gross vehicle weight within +/- l0%, and the individual axle weight within +/- 15%
at 95% confidence limits (4). The accuracy at some sites has been found to be better than this, and
at others to be worse.
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found long term variation to be generally small, except in the case of a new culvert, where strains
reduced by 27% in the period from two to six months after first exposure to traffic.

Table 1 - Accuracy of Various WIM Systems

ian instrumented

can instrumented

1

Figure 4 shows the variation over a year in the average measured mass of the steer axle of six
articulated vehicles at a site in Western Australia (6). It is felt that the actual static weights of
these steer axles do not vary much, and as such are an independent measure of system accuracy.
(A similar method is used for quality assurance of WIM data in the United States and Canada
(7)). The site from which this data was collected should have been quite stable. Pavement
moisture content should only vary slightly (highest around September), there is no frost, and there
is no asphalt.

3.3 Errors Due to Lateral Positions of Trucks--.

Variations due to other sources of error have also been investigated. Thillainath and Hood (8)
developed a method of further reducing Culway error which took into account the measured
variations in the response of the individual strain sensors. Usually Culway simply adds the strain
response of each sensor. This method aimed to minimise weighing variations due to variations in
the lateral position of vehicles. At sites where lateral variation was an issue, the method proved to
be valuable.
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Figure 4 - Variation in average steer axle mass

3.4 Vehicle Speed Effects

Culway sites are calibrated using trucks traveling at the sort of speeds that could be reasonably
expected. Tests have indicated that speed has little effect on the weights measured. Peters (2) has
reported the results given in Table 2 for a two-axle truck.

Table 2 - Culway - Vehicle Speed Effects

Speed (km/h) 60 70 so 90 100
Steer Weight(t) 2.9 3.2 2.9 3.0 3.1
Drive Weight (t) 9.0 9.1 9.1 8.9 9.3
Cross Weight (t) 11.9 12.3 12.0 11.9 12.3

3.5 Underweighing Steer Axles

Culway, without corrections, has continually under-weighed steer axles. Many theories have been
put forward as to why, but the issue has never been resolved. The theories include:

l Smaller contact area of type - seems counter intuitive;
l Strain non-linearity of concrete - evidence seems to cast doubt on this; and
l Dynamic weight of steer axles is less than the static weight, due to aerodynamic and

torque effects.

Culway manages the issue with a site-specific correction factor for steer axle weights.
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3.6 Vehicle and Culvert Dynamics

I
I

One of the major advantages of Culway is the fact the culverts do not seem to vibrate when a
vehicle passes over them. They are totally restrained and damped by the surrounding embankment
and pavement. This means that the strain measured on the roof of the culvert is simply that
induced by the mass of the vehicle’s wheels, and to a minor extent the dynamic load of the
vehicle. The pavement also filters/damps out high frequency vibrations. The strain signal is clean
and does not require any filtering to remove any extraneous influences. Despite this, the pavement
material is adequately stiff to transmit the wheel loads to the concrete culvert. Figure 5 is a typical
unfiltered strain response to the passage of a heavy truck.

Gross Mass 80 km/h
40-45 t

c;nn I)c
c //// Iny/‘// //II.

“7
/ 5 metres

Strain gauges

Figure 5 - Typical culvert strain response

The fact that Culway installations do not introduce any discontinuities into the riding surface (no
expansion joints, no junctions between stiff and flexible materials, no steps) means that there is no
excitation of the vehicle dynamics as a result of the weighing installation. The vehicle is truly
unaware of having been weighed. This means that the only dynamic effects are those inherent to
the vehicle and the normal road surface profile, When culverts were first instrumented in the
formative days of Culway, the strain responses were soon seen to be very clean, making the
development of an algorithm to convert the strains into mass very much simpler. The algorithm
developed at that time, and still used, is described in detail by Peters (2).

4, CONCLUSIONS

This paper describes the culvert WIM systems in use and under development respectively in
Australia and Europe. The theoretical error which results from various factors is illustrated for the
European system. The Australian system has proven to be a robust and accurate WIM system that

655



Tiemey, O’Brien, Peters 9

has now stood the test of time. It, like all WIM systems, is not without its problems, but in
general it weighs as accurately as many of the best, and at a lower cost.
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HITEC EVALUATION AND CLEARINGHOUSE EFFORTS TO FACILITATE
UNDERSTANDING AND ACCEPTANCE OF WEIGH-IN-MOTION

TECHNOLOGY BY THE STATE DEPARTMENTS OF TRANSPORTATION

D A V I D  R E Y N A U D

H I T E C

HITEC, the Highway Innovative Technology Evaluation Center, is a service center of the
Civil Engineering Research Foundation (CERF), the research affiliate of ASCE. It has been
established through a cooperative agreement with the Federal Highway Administration (FHWA) to
facilitate the conduct of national evaluations of new products and act as a clearinghouse in order to
expedite the acceptance of innovative technologies throughout the highway and bridge market.

Presently, we are collaborating with the SHRP Long Term Pavement Performance Program
to plan and conduct an evaluation program for proprietary weigh-in-motion sensor systems. Under
this program, HITEC. will accept applications from suppliers of these systems and form a Technical
Evaluation Panel comprised of professionals familiar with weigh-in-motion sensor technology.
Panelists may come from the FHWA, state DOT’s, academia or consulting engineering firms.

In assessing the problems in the current Weigh-in-Motion environment and the possible role
for a HITEC Evaluation Panel to assist in some way to sort them out, the following items seemed to
stand out:

The procurement process needs to reflect the true equipment and support requirements for
reliable, accurate data production. The current scenario, in many cases, involves a highway general
contractor purchasing and installing hardware that was chosen on the basis of cost alone and
shopped to the point of eliminating any service budget that may have been in the original price. Our
panel would work closely with AASHTO to develop a model specification for state DOT’s to assure
that they are purchasing all the elements necessary to generate relevant data over the desired time
span.

A nationally recognized program to test and classify WIM systems based on performance
longevity and accuracy is needed to help state DOT’s choose the proper tool for their intended time
frame and purpose.

Product specific guidelines for the installation, calibration and maintenance of WIM systems
both in written and video formats are necessary to provide a reference for the user community both
from the standpoint of understanding the site planning and budgetary requirements and in order to
train their inspection forces.

We plan to have a panel established by May and will report on the progress toward the
solution of the above problems and any others that are identified by the panelists or vendors
involved.
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WAVE - A European Research Project on Weigh-in-Motion

Bernard A. Jacob* and Eugene J. O’Brien2

1. Laboratoire CentraI des Ponts et Chausees, France

2. Trinity College Dublin, Ireland

Abstract: WAVE (Weigh-in-motion of Axles and Vehicles for Europe) is a research
project, part-funded by the European Commission, with the objective of improving the
accuracy and performance of Weigh-in-Motion (WIM) technology. It has a budget of the
order of $ 2 million and will run from mid 1996 to mid 1998. It has close links and a
substantial overlap of membership with COST323, a pan-European group with
representatives from about 20 countries which coordinates nationally funded activities
relating to WIM. The principal objectives of WAVE are: (i) to improve the accuracy of
WIM systems, (ii) to develop a prototype pan-European WIM database, (iii) to develop
calibration and testing procedures for WIM system performance and accuracy,
particularly for cold climates and (iv) to develop a prototype fibre optic WIM sensor.

1. INTRODUCTION
WAVE (Weigh-in-motion of Axles and Vehicles for Europe) is a pan European research
project with the objective of improving the accuracy and performance of Weigh-in-
Motion (WIM) systems. The research is being carried out by six full partner
organisations, five associate partners and a number of other sub-contractors. The
consortium, consisting primarily of national road research authorities, spans eleven
countries from the arctic to the Mediterranean. It is lead by the French Road and Bridge
Research Authority, Laboratoire Central des Ponts et Chausees (LCPC), and is part-
funded by the European Commission. There are four principal objectives to the research:

1. Accuracy: Improvement of the accuracy of WIM systems

2. Database: Development of improved pan-European procedures for the checking,
processing and storage of WIM data

3. Cold climates/Calibration: Verification of performance of WIM systems,
particularly in sub-arctic and alpine climates

4. Fibre optic WIM: Development of fibre optic WIM technology

-
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These objectives will be realised over a two-year period in 1996-98 through theoretical
development, experimentation and full-scale field testing. The dissemination of results
will be improved though close links with the European COST323 committee on Weigh-
in-Motion of Road Vehicles (1). This committee has representatives from twenty
countries from the European Union and Central/Eastern Europe.

2. HISTORY OF WAVE PROPOSAL

Considerable developments in WIM research have been taking place in Europe for many
years, particularly in France and in the United Kingdom. In recent years the national road
research authorities of the European Free Trade Association (FFTA) have acknowledged
the need for a concerted approach on road infrastructure and have formed ‘FEHRI,‘, the
Forum of European Highway Research Laboratories. This forum has agreed on a list of
priority research areas and has lobbied the European Commission Transport Directorate
to sponsor the research. Following the inclusion of WIM on the priority list, the European
Commission agreed in 1993 to fund COST323 (l), a European action with the objective
of promoting the research and development of WIM technology. Subsequently a call was
issued by the Commission in the 4th* Framework Programme/Specific Transport
Programme (1996-98), for a full research programme on WIM. The WAVE consortium
was the successful applicant.

2.1 COST323

The European COST programme does not fund significant research in itself but funds and
facilitates cooperation between countries carrying out research at national level. The first
full management committee meeting of COST323 was held in 1993 and the committee
will continue in existence until after the conclusion of the WAVE project in 1998. The
activities of the group, presented at the NATDAC ‘94 conference (l), include:

1. Collection and analysis of WIM needs in Europe.

2. Testing of proprietary and prototype WIM systems. An extensive test of eight WIM
systems has recently been completed in Zurich (2). Further tests will be carried out in
the future in lapland Sweden and on a French motorway, the A3 1 in eastern France
between Metz and Nancy, which is one of the main north-south road links in Western
Europe.

3. Preliminary work on the development of a European standard on WIM. This includes
the definition of relevant terms and the translation of these into a range of European
languages. A draft pre-standard will also be developed which may in the future result
in an official European standard.

4. Agreement of mechanisms and protocols for a pan-European database of WIM sites
and data.

5. Organisation of international conferences. The first European WIM conference was
held in Switzerland in 1995 (3). A second is planned for Southern Europe in 1998.
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2.2 Relationship between WAVE and COST323

In 1994, the European Commission issued a call for applications to the $10 billion Fourth
Framework Research Programme. The specific Transport Programme was allocated $300
million, of which 11% was designated for road transport. One third of this amount, about
$9 million, was allocated to road infrastructure. A substantial thematic part of this sub-
programme included a request for research on WIM. The WAVE consortium applied to
carry out this research and was successful. This consortium has a substantial overlap in its
membership with that of COST323. While COST323 does not fund research in itself, it
provides a very effective means of disseminating the results of research carried out at
either national or European level. Thus, for example, COST323 will co-sponsor a cold
climate test being carried out through WAVE in Sweden. Also, COST323 will organise a
conference in 1998 to facilitate the publication of the results of WAVE. In addition it will
provide a broader forum in which to secure agreement on standardisation of calibration
procedures and database protocols which will be developed through WAVE.

3. PROPOSED RESEARCH

The WAVE project is divided into four work packages, which can briefly be described as
(i) accuracy, (ii) database, (iii) cold climates/calibration and (iv) fibre optic WIM. These
are described in turn in the following sections.

3.1 Accuracy

The purpose of the first work package is to develop WIM systems which can produce
accurate and reliable data for static axle and gross vehicle weight. The specific target
accuracy for axle weights is that 95 to 99% of results should have an error within +lO%
or a root mean square error of about 4%. For gross vehicle weights, the target is that 95 to
99% of results should have an error within L-5%, or a root mean square error of about 2%.

Two techniques are being investigated which can be used either as alternatives or in
combination. These are multiple sensor systems and bridge systems. Both techniques
have already been studied and tested on a small scale in Europe and North America, but
require significant further development in order to achieve the target levels of accuracy.

Multiple-sensor WIM: There is an upper limit on the accuracy of individual WIM strip
sensors due to the effect of truck bounce. Research carried out under the OECD/DIVINE
project (4) has shown that dynamic axle forces exceed the corresponding static weights
by between 15% and 40% depending on the pavement eveness and the vehicle
suspension. Regardless of the accuracy of strip sensors, they can only provide axle weight
for one point in time. This problem can be overcome by using a number of low-cost strip
sensors (capacitive or piezo-electric). The use of large base sensors (bending plates,
weighing scales) only partially solves the problem by improving the intrinsic accuracy of
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wheel impact force measurement, but cannot eliminate the dynamic effect because it only
measures the wheel impact during a short portion of the eigenperiod of vibration.

Spatial repeatability, i.e., a correlation between relative dynamic force and pavement
profile, has been established at sites in the United Kingdom (5) and France (6).
Knowledge of this phenomenon can be exploited in the design of arrays of WIM sensors,
both for optimal sensor layout and for the calculation of a best estimate of the static axle
weight from the measured dynamic weights.

The simple sensor averaging strategy devised in previous Anglo-French (7) research
makes only limited use of the known models of vehicle dynamics, and of the known
range of parameters for these models. The purpose of the new research on multiple sensor
WIM will be to exploit knowledge of vehicle dynamics to the full in order to:

l improve the accuracy of weight estimates;
l minimise the number of sensors required in multiple-sensor arrays to achieve a

specified accuracy;
l determine the optimal (uniform or non-uniform) sensor spacing;
l estimate from the sensor data other characteristics, such as resonance frequencies and

vehicle suspension parameters.

Bridge WIM: The concept of using bridges as scales to weigh trucks in motion was
developed by Moses and others in the 1970’s (8). The method has considerable potential
for accuracy as it allows measurement of impact forces over more than one eigenperiod.
As bridges are large, a great number of sensor readings can be recorded during the time it
takes for a truck to cross. Full exploitation of this information can be used to gain
information on the dynamic behaviour of the truck whose axle weights are being sought.
This in turn can be used to obtain a more accurate estimate of the static axle weights.
Alternative strategies being investigated are the use of bridge sensors alone and the use of
a combination of bridge and traditional pavement WIM sensors. A considerable research
effort will also be expended in the development of more sophisticated dynamic models
than those currently used.

Bridge systems may have some advantages over conventional WIM systems in terms of
durability, particularly in sub-arctic and alpine climates. However, a major disadvantage
is the problem of finding a suitable bridge at the desired location. In recognition of this,
part of the work package concerns the testing of bridge WIM on a wide range of bridge
types including concrete slabs, box culverts, arches and cable-stayed orthotropic steel
decks. In addition, systems will be tested in a range of European climates. Bridges in
Ireland, France, Slovenia, Germany and Sweden will be considered.

_, . . . .

-

3.2 Database

Development of improved pan-European procedures for the checking, processing and
storing of WIM data is an important objective of the WAVE project. In most European

I 663



t

:!

Jacob & OBrien

countries WIM data is being collected for different purposes. An increasing demand on
WIM data at European level makes the exchangeability of WIM data between different
countries an important issue. The principal task of the second work package of WAVE is
the preparation of a prototype European WIM database. This is expected to be a source of
information for all potential WIM-data users such as traffic engineers, road research
laboratories and road or bridge designers.

The development of systems for ensuring the quality of data will be an important part of
this work package. For this, results from the COST323 action may be used, particularly
the preparatory work for the European Standardisation committee, CEN/TC226
containing European specifications for WIM. Quality parameters will be defined and
procedures will be described for WIM system users to check, ensure and classify the
quality of data. Experience gained from the American LTPP project (9) will be of great
interest for this task.

It is envisaged that all countries providing WIM data for a European database will be
capable of transferring their data in a standardised prescribed format. This means that, for
example, a location code based on the European road numbering system will be provided.
The introduction of such a format description will also stimulate WIM data exchange
between countries in order to encourage integrated long term maintenance strategies for
international transport routes.

3.3 Cold Climates/Calibration

If WIM data is to be used at a pan-European level and particularly if it is to be used for
future pan-European legistation and enforcement, it is essential that there be consistency
in the accuracy of the results for all climates. It is also important that all regions of the
continent have fair access to the technology. To ensure consistency of accuracy there is a
need for standard methods of calibration and testing of WIM systems. To ensure that all
regions have fair access, problems of both accuracy and durability in cold climates must
be overcome. The third work package of WAVE thus contains two closely interrelated
activities, namely, durability in cold climates and calibration/test procedures.

Durability in cold climates: A major test of existing and prototype WIM systems will be
carried out in the harsh climate of northern Sweden. European WIM-vendors will be
invited to install their systems and tests will be carried out both under Summer and
Winter conditions. The accuracy of the systems and-their durability under conditions of
snow and studded tyres will be assessed.

Calibration/Test Procedures: The purpose of the second part of this work package is to
develop and specify calibration methods. In particular, such methods must cater for the
sensitivity of WIM systems to temperature for the wide range that exists across Europe.
Measurements will be carried out using preweighed and instrumented trucks at test sites
near Lulea, in Northern Sweden close to the Finnish border, on the RN1 0 and A3 1 test
sites in France and on the Abington site in the United Kingdom. Ideal properties of

5
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instrumented trucks will be specified with a view to the possible use of standardised
instrumented vehicles or trailers across Europe.

3.4 Fibre Optic WIM

The simplest way to use optical fibres as sensors emerged during the 1970’s when the
intensity or amplitude of light passing through fibres was found to be proportional to
applied strain. Based on this principle, some portable WIM systems were developed at
Oak Ridge National Laboratory (Tenessee) which have recently been made available
commercially in Canada.

An alternative approach to the use of optical fibres as sensors is to exploit the concept of
mode combining for multimode fibres or polarization effects for single-mode fibres. The
first of these has been investigated by the University of Liverpool in partnership with the
United Kingdom Transport and Research Laboratory. The second, which exploits what
was considered to be a polarizing effect due to an induced bi-refringence in single-mode
fibres under loading, was shown to be feasible by Alcatel in partnership with LCPC in
1986. There are a number of advantages in the latter approach:

l high sensitivity with a range extending from pedestrian to heavy trucks with
high accuracy (3%) and reliability,

l completeness of information,
l real-time response,
l response in digital form,
-  no power source required along the roadway,
l immunity to lightning and electromagnetic interference,
l ease of installation.

Before 1980, due to the lack of technology, it was very difficult  to exploit the optical
phase from a given state of polarization in a fibre. The better understanding of this
complex phenomenon available today has resulted in the availability of numerous
components such as polarisation maintaining fibres, polarisers/depolarisers, polariser
controllers, etc..

A single-mode fibre could be a WIM sensor by itself but, depending on the state of
polarization of the light propagating within the core, the response to many parameters
would be detected. In order to isolate the feature of interest from a perturbation generated
by a tyre, a sensing structure must be developed and the corresponding optical link for
sensor interrogation. This so-called sensing structure will be developed; specifically, a
method will be developed for the encapsulation of the fibre in a material compatible in
terms of Young’s modulus. Also, it is felt by the consortium that the best way to increase
sensitivity is to interrogate the sensor by reflection instead of direct transmission. That
means that a mirror must be designed for location at the end of the sensing structure.
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3. WAVE ADMINISTRATION

The WAVE partnership consists of a coordinating partner, five full partners and five
associate partners as listed (with abbreviations) in Table 1. The associate partners report
to the full partners as illustrated in Figure 1. This structure reflects, to some extent, the
make-up of the teams which will carry out the four work packages. LCPC and CUED
share responsibility for the Multiple sensor WIM part of the Accuracy work package.
AKN and ETH also participate in this and two subcontractors, Golden River and the
Transport Research Laboratory (United Kingdom) report to CUED. The Irish university,
TCD, is responsible for the Bridge WIM part of the Accuracy work package. They are
assisted by associate partners, TUM and ZAG and the French laboratory, LCPC, also
participates.

Table 1 - Partners and Associate Partners

 Grade of
No Membership.

(full partner to
Name of Organisation

which reporting)

Abbre Country
v-
iation

I I

1  Coordinating  Laboratoire Central des Ponts et  LCPC  France
partner I Chaussees

2  Full partner  Cambridge University Engineering  CUED  United
Department Kingdom

3 Full partner Trinity College Dublin TCD Ireland
I

4  Full partner
I
 Road  Hydraulic Engineering

I I
 DWW  Holland

Division I I
5 Full partner

6 Full partner

Alcatel Kable Norge

Swedish National Road

AKN Norway

SNRA Sweden
Administration I I

7 Assoc. partner (4) Belgium Road Research Centre BRRC Belgium

8 Assoc. partner (3) Technische Universitat Munchen TUM Germany

9 Assoc. partner (6) Technical Research Centre of VTT Finland
Finland I II

10 Assoc. partner (6) Swiss Federal Institute of  ETH Switzer-
Technology I I land

11  Assoc. partner (3)  National Building & Civil  ZAG  Slovenia
Engineering Institute, Slovenia I I
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Figure 1 - Organisation chart for WAVE consortium

The Dutch authority, DWW is responsible for the second work package, Database, and
they are assisted by the Belgian associate partner, BRRC. LCPC, SNRA and ZAG also
participate in this work package which is of interest to many members of the consortium.

The Swedish road administration, SNRA, is responsible for the Cold climates part of the
third work package. The Finnish and Swiss associate partners, VTT and ETH report to
SNRA while AKN and TCD also participate. The Calibration part of this work package is
coordinated by LCPC and VTT, and many members of the consortium participate -
CUED, TCD, SNRA, BRRC and ETH.

The fourth work package, Fibre optic WIM, is shared between the LCPC and the
Norwegian company, AKN. The partners are being assisted by one subcontractor,
Applications Mathematiques et Logiciels.

Budget; The WAVE project is supported by the European Commission on a ‘shared cost’
basis. This means that non-university organisations must provide 50% of their total costs.
Universities are 100% funded but on a marginal cost basis, i.e., no funding is provided for
the time of permanent staff or for the use of existing equipment. Partners from Eastern
Europe such as Slovenia are likely to be funded as soon as a special agreement is signed
with the EU. Partners from countries outside the European Union such as Switzerland
may partake in European research projects but are not funded by the commission. The
total WAVE budget is of the order of $2 million of which the European commission will
provide about 45%.
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5. CONCLUSIONS

The WAVE research project on Weigh-in-Motion is described in this paper and the
developments leading to the call by the European Commission for research on WIM are
presented. This process started with the Forum of European Highway Research
Laboratories, lead to COST323 and finally to WAVE. A detailed technical description is
given of the four work packages of proposed research. Finally the complete partnership is
listed and the structure of responsibilities within the elaborate consortium is described
and illustrated.
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